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Basal and Dexamethasone Suppressed Salivary
Cortisol Concentrations in a Community Sample of
Patients with Posttraumatic Stress Disorder

Steven k. Lindley, Eve B. Carlson, and Maryse Benoit

Background: Posttraumatic stress disorder (PTSD) has been associated with lower concentrations of cortisol and enbanced
suppression of cortisol by dexamethasone, although discrepancies exist among reports. The objective of the study was to determine the
Datiern of cortisol responses in patients seeking treatment for PTSD resulting from a variety of traumatic experiences and to fest whether
cortisol responses are significantly related o childbood trauma, severity of symptoms, or fength of Hme stnce trauma.

Methods: Salivary cortisol was measured at 8 AM, 4 M, and 10 py on 2 consecutive days before and after a 10 Py dose of .5 mg
dexamethasone in 17 psychotropic medication and substance-free subjects with PISD and 17 matched control subjects.

Results: Repeated-measures analysis of variance (ANOVA) of the baseline salivary cortisol concentrations demonstrated a significant
effect for group with bigher concentrations in the PISD group but no significant differences in responses to dexamethasone. The
presence of childhood abuse did nor significantly affect salivary cortisol concentrations, and there was no correlation between
bredexamethasone cortisol and either the severity of PTSD sympioms or the time since the index trauma,

Conclusions: Neither low basal concentrations nor enbanced suppression of cortisol are consistent markers of a PTSD diagnosis.

Key Words: Dexamethasone, HPA axis, posttraumatic stress disor-
der, salivary cortisol, stress, trauma

actions in the body, including altering metabotic processes

(e.g., gluconeogenesis), dampening various acute stress
responses (e.g., immune uctivity), and altering central nervous
system function (e.g., the CA3 region of the hippocampus). The
presence of a persistent abnormality in cortisol regulation in
those with a psychiatric disorder could have significant physio-
logic consequences (McEwen 1998). Disturbances in cortisol
secretion and regulation have been observed in a variety of
psychiatric disorders, with the most widely reported and consis-
tent finding being elevated basal cortisol concentrations and
impaired suppression of cortisol agonists by glucocorticoid re-
ceptor agonists in patients with major depression, although there
have been discrepancies in reports (Nelson and Davis 1997).
These abnormalities appear to be a state rather than a trait
marker of depression because they resolve when the depression
resolves (Plotsky et al 1998).

Some reports in postraumatic stress disorder (PTSD), the
anxiety disorder resulting from exposure to a sudden, extreme,
uncontrollable stressor {e.g., threat to one’s life), show a pattern
of cortisal opposite that generally seen in major depression.
Specifically, lower concentrations of cortisol {in plasma or urine;
Kanter et al 2001; Mason et al 1986; Thaller et zl 1999; Yehuda et
al 1990, 19952) and an enhanced suppression by the glucocar-
ticoid agonist dexamethasone (Grossman et al 1996; Yehuda et al
1995a) have been found in military veterans with combat-related
PTSD. There has been a great deal of interest in these findings
because of the implication that they reflect a difference in the
“biology” of PTSD compared with major depression (Yehuda

T he adrenal steroid hormone cortisol has a wide range of
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2000); however, elevated (Gotovac et al 2003; Liberzon et al
1999; Pitman and Orr 1990) and similar (Baker et al 1999; Kosten
et al 1990; Spivak et al 2003; Yehuda et al 1991, 1993) cortisol
concentrations and no enhanced dexamethasone suppression
(Thaller et al 1999) have also been observed in combat veterans
with PTSD compared with control subjects.

Studies of cortisol regulation in combat veteran populations
are complicated by high rates of substance abuse and psycho-
tropic medication use (Jacobsen et al 2001) as well as many other
factors that may make this population unique. A more limited
number of studies have been conducted in patients with PTSD
secondary to other traumas, and conflicting results have also
been reported. Low cortisol concentrations have been found in
non-treatment-seeking Holocaust survivors with chronic sus-
tained PTSD symptoms (Yehuda et al 1995b) and mothers
suffering from PTSD secondary to their children having cancer
(Glover and Poland 2002), and enhanced cortisol suppression by
dexamethasone has been observed in female adule survivors of
childhood sexual abuse (Stein et al 1997). Elevated cortisol
concentrations, however, have also been reported in female
adult survivors of childhood sexual abuse (Lemieux and Coe
1995), men and women with mixed traumatic experiences
(Atmaca et al 2002), children with PTSD {Carrion et al 2002), and
survivors of either a fire or multivehicle car accident (Maes et al
1998). Similar baseline cortisol levels compared with control
subjects have been reported in female patients with PTSD
secondary €0 a variety of traumas (Coupland et al 2003; Rasmus-
son et al 2001), male and female subjects with PTSD 6 months
after a motor vehicle accident (Hawk et al 2000), and male and
female subjects with mixed traumas (Kellner et al 2002, 2003).
There is also a report of no difference in cortisol levels of female
children who have been the victims of abuse and control subjects
(De Bellis et al 1999). Significantly higher rates of nonsuppres-
sion of cortisol by dexamethasone in male and female patients
with PTSD have been reported (Atmaca et al 2002),

Therefore, the finding of low cortisol concentrations and
enhanced suppression by dexamethasone in patients with PTSD
is not a consistent finding across studies. Differences in the
composition of the populations studied are likely to account for
some of the discrepancy. For example, there may be differences
in the prevalence of variables associated with the presence of
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PTSD that directly or indirectly contribute to low or enhanced
suppression of cortisol. Factors that have been suggested include
the presence of childhood trauma, 2 c¢hronic course of the
disease, or more severe symptoms (Yehuda 2002). It is not clear
how these factors could contribute to differences in cortisol
regulation, but differences in the length and intensity of stress
exposure are likely to be important. Repeated stress exposure
agsociated with early life trauma or a prolonged course of
symptoms could produce a blunting of affective or physiologic
responses (o stress. Repeated siress exposure results in a habit-
uation of cortisol responses to acute stress in many animal
models of chronic stress, but baseline cortisol levels in chroni-
cally stressed animals tend to be elevated (Dallman 1993; Jaferi et
al 2003). Other factors that might be associated with PTSD, that
may vary across study populations, and that are known to
significantly affect cortisol include ethnicity, body mass index
(BMI}, age, and gender (Ukkola et al 2001).

This study examined some of these possible contributing
factors in a general outpatient population with PTSD znd a
control group matched for age, ethnicity, and gender. The study
investigated the relationships between basal and postdexametha-
sone salivary cortisol concentrations and severity of PTSD symp-
toms, childhood abuse, and time since the trauma. This investi-
gation differed from many previous studies in that participants 1)
had experienced a variety of noncombat related traumatic expe-
riences, 2) had low rates of prior psychopharmacelogical treat-
ment, 3) had low rates of prior alcohol or substance abuse, 4)
had acutely sought treatment for their symptoms, 5 were not
receiving disability compensation for their symptoms, and 6)
collected salivary samples in their home environments. We
hypothesized that, despite these differences, we would observe
lower cortisol concentrations and enhanced suppression by dexa-
methasone and that botl lower cortisol and enhanced suppression
would be related to the presence of childhood trauma, as has been
proposed (Yehuda 2002). In addition, dissociation, anger, and
affective lability were assessed in PTSD subjects because these
symptoms have been hypothesized to relate directly or indirectly
to traumatic experiences (Carlson 2000) and may be associated
with salivary cortisol concenirations,

Methods and Materials

Subjects

The study was approved by the Human Subjects Review
Committee of Stanford University and the Research and Devel-
opment Committee of the Veterans Affairs, Palo Alto Health Care
System, and written informed consent was obtained from all
subjects. PTSD subjects were recruited with radio and print
advertisements calling for participants in a study of a medication
for the treatment of distressing symptoms following a traumatic
event. All subjects responding to this advertisement who were
eligible were invited to participate in a study of salivary cortisol.
Of 49 subjects who consented 1o be assessed after being
provided information about the study, 18 subjects with a primary
diagnosis of PTSD determined by a full psychiatric interview and
the Clinicizn Administered PTSD Scale (CAPS; Wealhers 1999)
were included. Subjects with a primary diagnosis of another Axis
1 disorder within 6 months of the screening visit (determined by
history and the Mini International Neuropsychiatric Interview
(MINT; Sheehan et al 1998) or with either 4 medical condition or
4 pharmacological therapy that might affect endocrine lunction-
ing (e.g., diabetes, polycystic ovaries, use of nasal glucocorti-
coids) were excluded, Among the 49 subjects who were as-
sessed, the reasons for exclusion were the lack of 2 current
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diagnosis of PTSD as the primary disorder (7 = 12), being on a
prohibited medication or having an excluded medical disorder
(n = 8), a decision by the subject to discontinue (# = 6), and
failure to return for follow up (n = 5). Control subjects were
recruited through print advertisements calling for individuals
with no history of psychiatric illness interested in participating as
control subjects in 4 study of stress hormones in saliva. From this
pool of potential control subjects, control subjects were matched
with PTSD subjects for age (£ 5 years), race, and gender. Eighteen
control subjects without a history of PTSD (determined by the
CAPS) or other psychiatric illness (determined by history and the
MIND were included in the study. Dissociation, anger, and affective
lability were assesses with the State-Trait Anger Expression Inven-
tory (Spielberger 1994), the Posltraumatic Dissociation Scale
(Carlson, unpublished data), the Affective Lability Scale, and the
Impulsive Aggression Scale (Carlson, unpublished data).

All subjects were screened for the presence of alcohol or
other substance abuse or dependence (assessed by the MINI)
and histories of psychopharmacologic treatment. Subjects with
abuse or dependence histories within the last 12 months were
excluded from the study. Two PTSD subjects reported some
lifetime history of alcohol or polysubstance dependence. Sub-
stance abuse histories from a year before the study were not
available on four subjects. OF the 17 PTSD subjects, 9 (53%)
reported no history of previous psychopharmacologic treatment
and 13 (76%) had not taken a psychopharmacologic agent in the
last 3 months. Of the four patients who had taken a psychophar-
macologic agent in the last 3 months, one discontinued fluox-
etine and valproic acid 5 weeks earlier, two discontinued low-
dose amitriptyline (25 mg/day for migraine headaches) 2 weeks
prior, and 1 discontinued sertraline and zolpidem 2 weeks before
the collection of the salivary samples. With the exception of oral
contraceptives and estrogen replacement, subjects were free of
all other medications known to have significant central nervous
system effects or influence cortisol, including topical nasal or
pulmonary corticosteroid treatment (associated with adrenat
suppression; Patel et al 2001). Three PTSD and three control
subjects reported either oral contraceptives use or estrogen
replacement therapy.

From the total population of 36 subjects, one control subject
and one PTSD subject were dropped from the pre- and post-
dexamethasone analyses. The control subject dropped had both
4 missing baseline sativary sample and dexamethasone salivary
concentrations below the detection limit. The PTSD subject, who
reported taking herbal supplements for fatigue up to 2 weeks
before the study, was dropped because her salivary cortisol
concentrations indicated clinically significant adrenal insuffi-
ciency (8 aM cortisol = .01 pg/dL; 4 pM = 02 pg/dL; 10 PM = 009
pg/dL, with an area under the curve [AUC] 3 SD below the mean
for the PTSD group). Herbal therapies have been associated with
clinical evidence of adrenal insufficiency, presumably hecause of
components with glucocorticoid activity (Chang et al 2001). One
additional control subject was dropped from the postdexametha-
sone analyses because of dexamethasone concentrations below
the detection limit,

Experimental Protocol

After screening, the rationale for the experiment and the
importance of stress in regulating cortisol were explained to the
subjecis. They were given six labeled saliva collection devices
(Salivette, Newton, North Carolina), a .5-mg dexamethasone
tablet, and detailed written instructions to take home. They were
instructed 1o collect the samples on 2 relatively stress-free days
{e.g., Saturday and Sunday) and to avoid eating, drinking, or
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brushing their teeth for at least 15 min or exercise for at least 1
hour before sampling saliva. They were asked to refrain from
alcohol and smoking completely on these 2 days if possible
without distress, or, if they could not do so, not to smoke for
1 hour before the sampling. They were given logs to record
any deviation from this protocol. None of the subjects in-
cluded in the study reported a deviation from the protocol.
Samples were collected at 8§ asm, 4 vM, and 10 pMm for two
consecutive days, taking the .3 mg dexamethasone right after
the 10 pM sample.

Cortisol Analyses

Cortisol concentrations were determined by an outside labo-
ratory (Salimetrics; State College, Pennsylvania) using an en-
zyme-linked immunoassay with a matrix specific for saliva. The
intraassay coefficieni of variability (CV) is 5.7% and the interassay
CV is 6.9%. The limit of sensitivity was .007 pg/dL. Two control
patients had postdexamethasone salivary cortisol values that
were below the level of sensitivity of the assay (post-4 pm and
post-10 pM for one subject and all three time points for the other
subject). For the analyses, values of .006 pg/dL were used for
these five values.

Dexamethasone Analyses

Compliance with dexamethasone administration was deter-
mined by measuring post 8:00 aM salivary dexamethasone con-
centralions using an enzyme-linked immunosorbent dexameth-
asone assay (International Diagnostic Systems, St Joseph,
Michigan). This assay has a cross-reactivity of .12% for cortisol
and 07% for 11-OH cortisol. Post dexamethasone samples were
compared with their respective baseline 8 am samples to com-
pensate for variations in nonspecific binding. The assay sensitiv-
ity (2 8D above the assay blanks) was .01 pg/dL.

Statistical Analyses

Because the salivary cortisol and dexamethasone values were
skewed, log, transformations were used to achieve a normal
distribution for statistical analyses. The nontransformed data are
presented in the Figure 1. Dama were analyzed by repeated
measures analysis of variance for main effects of group {control
vs. PTSD), time of day, and group by time interactions, Area
under the curve (AUQC) cortisol was determined from log,-trans-
formed cortisol values using the trapezoidal method. Correlation
analyses were calculated using Pearson Product—Moment corre-
lation coefficient. Results were considered significant at the .05
level.

Results

Subject Characteristics

Of the 17 subjects with PTSD included in the analyses, 15
were women, 16 self-identified as Caucasian and 1 as Hispanic.
Of the 17 control subjects, 15 were female, 15 self-identified as
Caucasian, 1 as Hispanic, and 1 as Middle-Eastern (classified as
Caucasian for matching). The mean age in years £ SE of the
controb subjects was 40.3 * 3.3 (range 24—-67) and PTSD was
40.2 = 2.6 (range 19-64). The classifications of the criterion A
traumas associated with symptoms in the PTSD subjects are
presented in Table 1. Many patients had experienced more than
one trauma that resulied in PTSD symptoms, with childhoad
sexual abuse being the most common, followed by witnessing a
death (e.g., finding a significant other after a suicide). The mean
time since the index trauma, the event to which the patient
atiributed their current PTSD symptoms (e.g., intrusive memo-
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Figure 1. Salivary cortisol concentrations In control and posttraumatic
stress disorder (PTSD) subjects collected the day before and the day after
dexamethasone administration. Samples were collected by subjects at 8 am,
4 pm, and 10 pm before and after administration of .5 mg dexamethasone at
10 pu. Salivary cortisol are expressed in mean pg/dL =+ SE {n = 17). Log,
transformed data for control (C) versus PTSD (P} mean * SE are for baseline
0800(C —1.06 *.19vs. P — 83 = .13), 1600 (C~2.25 + .13vs.P-1.88 + .18),
2200(C~2.66 * .18 vs.P -2.26 = .17} and postdexamethasone 8 M (C -2,91
* 28vs.P-2.40 *.18),4 M {C-3.30 = 30 vs. P -2.62 = .24), 10 pm {C ~3.17
*.35ys. P-291%.20).

ries), was 13.5 £ 2.7 (SE) years (range .5-35 years). The mean
CAPS score for the PTSD subjects was 71.0 % 4.1 (SE). Of the
PTSD subjects, 60% also met the criteria for current major
depression (postdating onset of PTSD) by the structured assess-
ment the MINI (MINI diagnoses not available for two patients),
53% an anxiety disorder other than PTSD (e.g., panic, social
phobia), and one patient an eating disorder not otherwise
specified (periodic binging without purging, no binging during
measurement period, BMI 18.8). Three control subjects reported
exposure to potentially traumatic events but only transient
psychological distress.

Salivary Cortisof Concentrations

A repeated-measuses analysis of variance (ANOVA) of the
transformed Dbaseline salivary cortisol concentrations demon-
strated a significant effect of group for PTSD versus control
[F(1,32) = 5.11, p < .05] with higher concentrations in the PTSD
group (see Figure 1 for the mean * SE of untransformed data;

Table 1. Percent of Posttraumatic Stress Disorder subjects with
symptoms attributed to a type of traumatic event

% of PTSD Subjects
Type of Trauma {n=17)
Childhood Sexual Abuse 59
Witness to Violent Death 35
Childhood Physical Abuse 29
Serious Accident 24
Sexual Assault 18
Psychological Threat of Death - 18
Adult Physical Assault 12

Some subjects reported symptoms from multiple types of trauma,
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AUC 32.4% higher in the PI'SD group). Analyses of the data
without the four patients who had taken a psychopharmacologic
agent in the last 3 months [#(1,28) = 4.95, p < 03] and without
the six patients on estrogen or progesterane LF(1,26) = 10.14, p
< .05)continued to demonstrate a significant effect of group with
higher concentrations in the PTSD group. There was a significant
decline in cortisol concentrations during the day in hoth groups,
as indicated by a main effect for time of day [F(2,64) = 52.06, p
< .001], but no significant group by time interaction. Post hoc
analyses of the individual time points did not reveal any signif-
icant differences,

The concentrations of dexamethasone at 8 am were not
different between the two groups [Control = 063 £ 008 pg/dL,
PTSD = .082 % 016 pg/dL; #(31) = 1.05, ns, nor did they
correlate with pre- or post dexamethasone cortisol concentra-
tions (data not shown). Repeated-measures ANOVA of postdexa-
methasone salivary cortisol concentrations revealed no effect of
group [F(1,31) = 2.27, ns] nor a group by time interaction
[F(1,31) = .86, 1s; Figure 1]. Analysis of postdexamethusone 8 am
cortisol alone also revealed no significant differences between
the control and PTSD group [£(31) = 1.58, nsl. Because variations
in either the levels of dexamethasone achieved or baseline
cortisol concentrations could theoretically affect postdexametha-
sone values, postdexamethasone cortisol values were analyzed
covarying for these factors. No significant effects were found for
repeated-measures ANOVA of the three postdexamethasone
cortisol values covarying for Daseline 8 aM cortisol levels [F(1,30)
= 2.97, nsl or dexamethasone levels [£(1,30) = 2.14, 73] nor for
ANOVA of the postdexamethasone 8 am cortisol alone covarying
for baseline 8 am cortisol [#(1,30) = 2.22, ns] or dexamethasone
levels [F(1,30) = 2.42, nsl.

Relation Among Salivary Cortisol and Gender, BMI, Age, and
Ethnicity

Although the control groups were matched for gender, age,
and ethnicity, because of the possible elfect of these three
variables and BMI on cortisol, the relation among these
variables and salivary cortisol was examined. There was no
significant difference in the BMI of the control [24.4 = 1.4 (SE)]
versus the PTSD [26.9 = 2.0 (SE) group and no significant
correlation between BMI and AUC baseline (r = .08, ns) or
postdexamethasone (r = —.03, ns) cortisol. There was no
significant correlation between age and BMI (r = 23, 1), AUC
baseline (+ = .04, ns), or posidexamethasone (v = .25, ng)
cortisol. Repeated-measures ANOVA of baseline salivary cortisol
concentrations demonstrated no significant effects of gender
[£(1,32) = .96, ns] or ethnicity [#(2,31) = .89, s, Likewise, there
was no significant relationship between these variables and
postdexamethasone salivary cortisol concentrations {(data not
shown).

Relation Among Salivary Cortisol, Childhood Abuse, Time
since Trauma, PTSD Severity, and Major Depression
Comparing the PTSD subjects who had heen the victims of
childhood sexual or physical abuse (abuse before age 13, 2= 9)
with the PTSD subjects reporting no history of childhood sexual
or physical abuse (7 = 8) revealed no difference in CAPS scores
(77.1 £ 3.8 vs. 64.1 £ 5.0) and huseline (4.0 * Svs, 3.4 = Sor
postdexamethasone (1.5 & .3 vs. 1.4 = 4) AUC cortisol. Com-
paring the PTSD subjects who were classified as having coneur-
rent major depression by the MINI (s = 9) with those subjects
without current major depression (71 = &) revealed no significant
difference in CAPS scores (75.8 % 5.8 vs. 67.7 = 7.0) and baseline
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(4.6 1.2vs. 3.3 £ 4 or postdexamethasone (1.3 *+ 4vs. 1.4 +
-3) AUC cortisol. In the subjects with PTSD, the amount of time
since the index trauma was positively correlated with their PTSD
severity, as determine by CAPS scores (r = .59, p < .05), but
neither the time since the index trauma nor age at the time of
trauma significantly correlated with either baseline salivary cor-
tisol or the magnitude of dexamethasone suppression. Salivary
cortisol concentrations were not significantly correlated with
CAPS scores.

Relation Among Salivary Cortisol, Anger, Affective Lability,
and Dissociation

The CAPS scores were positively correlated with affective
lability {r = .63, p < .01), self-directed impulsive aggression (r =
61, p < .01, other-directed impulsive aggression (r = .68, p<
01), and dissociation (r = 71, p < .05), but not with any index
of anger. An index of the degree to which angry feelings are held
in or suppressed was positively correlated with AUC baseline
cortisol {r = 57, p < .05), but none of the other measures of
anger, dissociation, or affective lability correlated with the sali-
vary cortisol measurements.

Discussion

Contrary to expectations, the main findings of this study
were that the sample of patients with P'ISD had higher salivary
cortisol concentrations than matched control subjects but
similar rates of dexamethasone suppression. This finding is
consistent with reports of elevated levels of cortisol concentra-
tions {urinary or plasma} in male combat veterans (Liberzon et al
1999; Pitman and Orr 1990), adult female victims of childhood
sexual abuse (Lemieux and Coe 1995a), men and women with
mixed traumatic experiences (Atmaca et al 2002), children with
PTSD (Carrion et 21 2002), survivors of either a fire or a
multivehicle car accident (Maes et al 1998), and men with
recent-onset PTSD secondary to a motor vehicle accident (Hawk
et al 2000). It is unclear why the samples of PTSD subjects in
these studies showed elevated cortisol concentrations, but col-
lectively the results indicate that low cortisol is not a trait marker
of PTSD.

There were distinguishing characteristics in the current sam-
ple of patients compared with many other studies that may have
contributed to the finding of elevated cortisol concentrations. For
example, the subjects’ recent decision to seek research medica-
tion treatment, many after years of chronic symptoms (mean 13.5
% 11 years), may have been associated with increased psycho-
logic distress and, therefore, with elevated cortisol levels. Cortisol
concentrations over time in subjects with PTSD symptoms have
been reported to be dynamic, possibly reflecting their fluctuating
psychological states (Mason et al 2002). The majority of the
subjects in the study had never received psychologic or psycho-
pharmacologic therapies nor had they been diagnosed with
PTSD before enrofling in the study. Conversely, this sample may
have been relatively free of characteristics present in other
samples that might lower cortisol concentrations, For example,
there was a relatively low rate of previous substance abuse, with
alt the subjects reporting no history of abuse or dependence in
the last year. Short-term abstinence (mean of 4 months) from
alcohel dependence is associated with lower cortisol concentra-
tions (Anthenellj et al 2001). Although it is unknown how being
on financial disability for a psychiatric illness could affect one's
level of emotional arousal and cortisol levels, this population did
differ from many previously examined in that none of the
subjects was on or applying for financial disability. Age, ethnic-

www.elsevier.com/locate/biopsych



944 BIOL PSYCHIATRY 2004;55:940-945

ity, and gender can all affect cortisol (Ukkola et al 2001) and were
controlled for in our study. It has been suggested that differences
in gender among studies could contribute to the discrepancy in
cortisol findings in PTSD (reviewed in Yehuda 2002). Our sample
demeonstrating elevated cortisol concentrations was 88% female,
consistent with the findings of elevated cortisol concentration in
the female patients studies by Lemieux and Coe and Maes and
coworkers (Lemieux and Coe 1995; Maes et al 1998). Biological
factors (e.g., estrogen) as well 45 numerous nonbiclogical factors
(e.g., level of social support, aspects of the traumatic experience)
could contribute to differences in cortisol responses in female
versus male patients.

Enhanced negative feedback has been suggested 1o be a more
consistent marker of PTSD than cortisol concentrations (Yehuda
2002). There was no significant dillerence in the cortisol re-
sponses to the glucocorticeid receptor agonist dexamethasone
even after covarying for the higher baseline cortisol values in the
PTSD group; however, there is evidence that salivary cortisol
may be a less reliable measure for subtle differences in dexa-
methasone responses (Reynolds et al 1998).

A positive correlation was observed between the time passed
since the index trauma and the severity of PTSD symptoms, as
measured by the CAPS, indicating that the more chronic the
illness, the more intense or {requent the symptoms of PTSD.
There was no significant correlation, however, between the time
passed since the index trauma and basal or dexamethasone-
suppressed cortisol concentrations. Similarly, the presence or
absence of childhood abuse did not significantly relate 1o cortisot
concentrations. The childhood abuse lindings are limited by the
self-report nature of the reports. The severily of PTSD symptoms
was also not significantly associated with basal cortisol concen-
trations; PTSD symptom severity has been positively (Smith et al
1989, negatively (Kellner et al 1997), and not correlated (Maes et
al 1998) with baseline cortisol previously. Finally, measures of
trauma-related symptoms including affective lability, dissocia-
tion, and aggression correlated with PTSD symplom severity but
not with the cortisol measurements.

Although in this study we atiempted to control many of the
factors that could affect cortisol, we were not able to control all
extraneous factors. These include past medication use, ovarian
cycle phase, estrogen use, smoking, and diet. Preclinical data in
animals suggest that psychotropic medications can affect cortisol
regulation (Barden 1999; Pariante et al 2001), although their
effects in a clinical population are not clear, If psychotropic
medication use did affect cortisel, the most pronounced effect
would presumably be observed in the 24% of the patients who
had been taking psychotropic agents until 2 weeks before the
sampling. Because analyses of the data without these four
patients continued to demonsirate higher cortisol concentrations
in the PTSD subjects, recent medication use did not appear to
explain the finding of higher baseline cortisol concentrations in
those with PTSD.

Neitlier the phase of the estrous cycle nor the use of oral
contraceptives was controlled in this study. Cortisel binding
globulin is significantly affected by estrogen, but basal salivary
cortisol concentrations, which relects nonhound cortisot, do not
appear 1o vary across the estrous cycle (Groschl et al 2001;
Kirschlaum et al 1999; McCormick and Teillon 2001} or with oral
contraceptive use (Kirschbaum et al 1999; McCormick and
Teillon 2001), although stress-induced changes in free cortisol
are affected by both the phase of the estrous cycie and oral
contraceptives (Kirschbaum et al 1999). As with prior medication
use, analyses of the data withourt the patients on oral coniracep-
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tives or estrogen did not affect the main finding, indicating that
these factors were not responsible for the main finding of higher
baseline cortisol concentrations. Unfortunately, we did niot assess
menstrual cycle phase and were unable to investigate the
possible influence of that facter. Theoretically, a sufficiently
large, unequal distribution of the menstrual cycle phase that
patients in the two groups were in could affect the results.

High levels of caffeine and nicotine can both increase cortisol
concentrations (Kirschbaum et al 1997; Nickell and Uhde 1994),
although patients in acute withdrawal from these agents also
have altered levels of cortisol (Frederick et al 1998), it is therefore
unclear how best to control for these factors. To prevent creating
a nonrepresentative sample, we included smokers and caffeine
users. We asked them to refrain from using cigarettes if possible
to do so without significant distress or to restrict their use of
cigarettes or caffeine beverages for 1 hour before sampling as a
compromise berween the possible acute effecis and the effects of
withdrawal. High protein diets and meals elevate salivary cortisol
concentrations (Gibson et al 1999) and plasma glucose levels
alter stressed-induced increases in cortisol (Kirschbaum et al
1997). Diet and food intake was not controlled in this study nor,
1o our knowledge, in any of the previous studies.

In conclusion, elevated levels of cortisol without a significant
difference in the magnitude of suppression by dexamethasone
were observed in subjects with PTSD presenting for treatment.
Together with previous findings, our findings indicate that
neither fow hasal concentrations nor enhanced dexamethasone
suppression is a consistent marker of a PTSD diagnosis. Given
the potentiai ability of cortisol to induce pathology if abnormally
attenuated or stimulated for prolonged periods of time, longitu-
dinal investigations of diverse populations of patients are needed
to determine which factors might expose PTSD patients to either
prolonged hypo- or hiypercortisolism,
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